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SYNCHRONIZED MAGNETIC ARC FIG . 7 illustrates a diagrammatical representation of 
STEERING AND WELDING welding system in accordance with a further exemplary 

embodiment of the present invention ; 
BACKGROUND OF THE INVENTION FIG . 8 illustrates a diagrammatical representation of a 

5 welding and magnetic steering waveform in accordance with 
Field of the Invention an additional exemplary embodiment of the present inven 
Devices , systems , and methods consistent with the inven - tion ; 

tion relate to welding , and more specifically related to FIG . 9 illustrates a diagrammatical representation of 
welding employing synchronized magnetic arc steering with welding system in accordance with an additional exemplary 
either a GMAW or GTAW operation . 10 embodiment of the present invention ; 

Description of the Related Art FIG . 10 illustrates a diagrammatical representation of a 
It is known that magnetic fields are created during the welding and magnetic steering waveform in accordance with 

a further exemplary embodiment of the present invention ; welding process because of the flow of electric current FIG . 11 illustrates a diagrammatical representation of a through the welding arc and in the work piece . The presence 15 " 15 welding and magnetic steering waveform in accordance with of these magnetic fields can sometimes cause issues such as an additional exemplary embodiment of the present inven 
e the arc becomes unstable during the welding tion with a short circuit present ; and 

operation . Thus , procedures and equipment have been devel FIG . 12 illustrates a diagrammatical representation of a 
oped to try and stabilize or move a welding arc using a welding and magnetic steering waveform in accordance with 
separate magnetic field . 20 a further exemplary embodiment of the present invention 

with a short circuit present . 
BRIEF SUMMARY OF THE INVENTION 

DETAILED DESCRIPTION OF EXEMPLARY 
An exemplary embodiment of the present invention is a EMBODIMENTS 

welding system and method for welding having a welding 25 
power supply which outputs a welding current signal to an Exemplary embodiments of the invention will now be 
electrode so that a welding arc is generated between said described below by reference to the attached Figures . The 
electrode and a workpiece , where the welding current signal described exemplary embodiments are intended to assist the 
has a plurality of current pulses . Also provided is a magnetic understanding of the invention , and are not intended to limit 
field power supply which outputs a magnetic field current 30 the scope of the invention in any way . Like reference 
signal to a magnetic steering device , where the magnetic numerals refer to like elements throughout . 
field current signal has a plurality of magnetic current FIG . 1 depicts an exemplary welding system 100 in 
pulses . The magnetic steering device is positioned adjacent accordance with an embodiment of the present invention . 

The system 100 includes at least one welding power supply to the welding arc and the magnetic steering device uses the 35 101 , which is shown as a GMAW type power supply . The magnetic field current signal to generate a magnetic field to power supply 101 is capable of welding with a pulsed move the welding arc during welding . Further , the magnetic welding waveform and directs the welding current through field current signal is synchronized to the welding current a welding torch 111 into a consumable welding electrode 
signal such that the plurality of the magnetic current pulses 113 which is deposited into a weld puddle via droplet 
are synchronized with respect to the plurality of current 40 transfer , or a similar transfer operation . The system 100 also 
pulses of the welding signal . includes a magnetic field power supply 103 which is coupled 

to a magnetic field generation device 105 having at least one BRIEF DESCRIPTION OF THE DRAWINGS magnetic field probe 107 which is positioned proximate to a 
welding arc 115 during a welding operation . 

The above and / or other aspects of the invention will be 45 As is understood by those in the art , a GMAW - type 
more apparent by describing in detail exemplary embodi - welding operation uses a pulsed welding waveform to create 
ments of the invention with reference to the accompanying a welding arc 115 and melt a portion of a welding electrode 
drawings , in which : 113 . During a pulse of the waveform a molten droplet 117 

FIG . 1 illustrates a diagrammatical representation of a of the electrode 115 is transferred from the electrode 
welding system in accordance with an exemplary embodi - 50 through the arc 115 — and into a weld puddle . Typically , the 
ment of the present invention ; molten droplet 117 is transferred during a peak in the 

FIGS . 2A - 2B illustrate diagrammatical representations of welding current pulse . Because such a welding operation is 
welding and magnetic steering waveforms in accordance so well known , it will not be discussed in detail herein . It is 
with exemplary embodiments of the present invention ; understood that GMAW - type welding or pulse welding , as 

FIG . 3 illustrates a diagrammatical representation of 55 referenced herein , refers to any welding in which a pulsed 
welding system in accordance with another exemplary welding waveform is used , including but not limited to 
embodiment of the present invention ; GMAW , MIG , FCAW , MCAW type welding . 

FIG . 4 illustrates a diagrammatical representation of a It is noted that for purposes of clarity and efficiency many 
welding and magnetic steering waveform in accordance with of the discussions herein reference GMAW type welding , as 
another exemplary embodiment of the present invention ; 60 shown in the Figures . However , embodiments of the present 

FIG . 5 illustrates a diagrammatical representation of a invention are not limited to use with GMAW type welding 
welding and magnetic steering waveform in accordance with systems . Specifically , embodiments of the present invention 
a further exemplary embodiment of the present invention ; can also be used with TIG / GTAW ( gas tungsten arc welding ) 

FIG . 6 illustrates a diagrammatical representation of a systems without departing from the scope and spirit of the 
welding and magnetic steering waveform in accordance with 65 present application . Similar to the discussions herein , the 
an additional exemplary embodiment of the present inven - magnetic field is used to control the movement of the TIG 
tion ; arc during welding . It is known that in TIG / GTAW welding 



US 10 , 239 , 145 B2 

the electrode used to create the arc is not the consumable ( as movement of the arc can cause the molten droplet 117 to be 
in GMAW processes ) , and in embodiments of the invention placed at a location different than directly under the contact 
the magnetic field controls the movement of this arc . There tip 111 and filler 113 . 
fore , while many of the discussions and figures herein FIG . 2A depicts an exemplary welding and magnetic field 
reference and depict GMAW systems and processes , this is 5 waveform which can be used in an embodiment with a single 
intended to be exemplary and not to limit embodiments of magnetic device 105 . As shown the current is a pulsed 
the present invention to GMAW type processes . For waveform having a plurality of current peaks 1 , 2 , and 3 . As 
example , in each of FIGS . 1 , 3 , 7 , and 9 the GMAW power is generally known , in many pulse welding operations , the 
supplies ( e . g . , 101 ) and torches ( e . g . , 111 ) can be replaced molten droplet 117 separates from the filler 113 during the 
with GTAW power supplies and GTAW electrodes without + 10 peak current . As such , in some embodiments the magnetic 

steering current is in phase with the welding current such departing from the scope and spirit of the present invention . that each of the welding and magnetic field currents start to It is , of course , noted that the delivery of the consumable rise and peak at the same time . In such an embodiment , the would not be through the GTAW torch , but via known magnetic field 109 will be at full strength prior to the droplet 
means . Furthermore , the current waveforms discussed and 15 117 separating from the filler wire 113 . Also , as shown , in shown herein , and the relationships between the magnetic some exemplary embodiments the magnetic steering current field current and welding current , are similarly applicable to does not pulse with every welding current pulse . In the 
GMAW and GTAW type welding operations . Of course , it is embodiment shown the steering current will be pulsed every 
known that during GMAW type welding the consumable other welding pulse ( pulses 1 and 3 ) . In such an embodi 
providing the molten droplets is also the electrode , while in 20 ment , during welding some droplets 117 will impact the 
GTAW type welding the consumable is separate from the weld puddle in a first position while other droplets 117 will 
electrode . impact the puddle in another area . This allows the filler 113 

Returning to FIG . 1 , the system 100 includes a magnetic to be deposited at various locations in the weld puddle . Of 
field power supply 103 and a magnetic field generation course , embodiments of the present invention are not limited 
device 105 . The power supply 103 directs an electrical 25 to pulse the steering current at every other welding pulse , but 
current to the device 105 so that a magnetic field 109 is different pulsing counts can be used . For example , it is 
generated by the probe 107 . The magnetic field power contemplated that the steering current can be pulsed for 10 
supply 103 can be any type of power supply capable of consecutive welding pulses and then be turned off for the 
providing a current to a magnetic field device to create a next 10 welding pulses . In other embodiments , the number 
magnetic field . The power supply should be capable of 30 of 30 of pulses can be varied as needed . Also , in the embodiment 

shown the duration of the steering current pulse is the same providing high frequency and precise control of the mag as that of the welding pulse . However , in other embodiments netic field generation current so that it may react appropri that may not be the case as the steering pulse can be longer ately with a pulse welding power supply . Alternatively , the or shorter as needed . power supply 103 can be of a type that follows signals from nals tom 35 As also shown in FIG . 2A , the steering pulse can be the welding power supply ' s 101 logic or control signaling , out - of - phase with the welding pulse . Specifically , it is con 
such that the power supply 103 can use signaling from the templated that the steering pulse can be out - of - phase with welding power supply 101 to control its output . For the welding pulse by 45 to 135º . In some embodiments of 
example , the power supply 101 can control the synchroni - arc welding , the droplet 117 does not separate from the wire 
zation of the current waveforms as further discussed below . 40 113 until near the end of the welding pulse peak , and the 
Exemplary embodiments can include inverter - type or trans - droplet 117 is still in flight as the arc current is decreasing . 
former - type power supplies , with similar topologies used for In such embodiments , the steering current can be pulsed 
providing a pulse welding signal . Of course , a smaller power out - of - phase ( dashed line in FIG . 2A ) with the welding pulse 
output is needed for the magnetic field power supply than a so that the magnetic field 109 is only generated when the 
typical pulse welding power supply . 45 droplet 117 has broken free , or when the droplet 117 is at its 

In embodiments of the present invention the probe 107 is breaking point . In such embodiments the field 109 does not 
positioned proximate to the welding arc 115 such that the interfere with the arc 115 prior to the breaking and is at its 
magnetic field 109 can influence the arc 115 and the droplet peak while the droplet is in flight . Also , by having the 
117 while the droplet 117 is in flight . Embodiments of the steering current out - of - phase the magnetic field 109 will be 
present invention synchronize the generation of the mag - 50 at its peak even while the arc current is dropping but while 
netic field 109 and the pulse welding waveform so that an the droplet is still in flight . In some embodiments the 
optimized welding operation can be achieved . By synchro - steering current remains at its peak current until the arc 
nizing the generation of the magnetic field 109 with the arc current reaches its background level . 
115 and droplet transfer an optimized welding operation can In another exemplary embodiment , the steering current 
be achieved , particularly when trying to obtain specialized 55 can be 180 degrees out - of - phase with the arc welding 
weld joints . This synchronization will be discussed in detail current . In such embodiments , the magnetic field 109 is not 
below . used to move the droplet 117 during flight , but is used to 

As shown in FIG . 1 , the torch 111 is not centered above control the weld puddle , to elongate the weld puddle , or 
the weld joint of the work pieces W . This may be needed for pre - clean the work piece surface . For example , the magnetic 
any number of reasons , for example an obstruction near the 60 device 105 and probe 107 can be positioned either in front 
weld joint . Thus , a single magnetic field generation device of , or behind , ( in the travel direction ) of the tip 111 . In such 
105 is used to steer the arc 115 and the droplet 117 to one an embodiment , the magnetic field 109 can move the arc 
side of the weld joint during welding . That is , the magnetic forward or behind as needed to elongate the weld puddle . 
field power supply 103 provides a current to the device 105 For example , the arc can be deflected ( without a droplet in 
which is synchronized with the welding waveform generated 65 the arc ) forward so that the heat of the arc removes any 
by the welding power supply 101 . The generation of the coatings or surface contaminants before the droplet 117 is 
magnetic field 109 causes the arc to move to the side and the passed to the weld puddle . Similarly , the arc can be deflected 
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backwards so that the weld puddle is elongated for a ( no magnetic fields activated ) and then for another portion of 
desirable cooling or solidification profile . FIG . 6 is an the welding the droplet 117 can be directed to a right side of 
exemplary cleaning waveform as described above . As the joint . 
shown the magnetic steering current is pulsed such that it In the system shown , the magnetic field power supply 103 
begins prior to the arc welding pulse but ends before a point 5 has a switching circuit 301 which switches the magnetic 
at which the droplet 117 releases from the wire 113 . Further steering current to the different magnetic devices 105 / 305 
this embodiment shows that the steering current is provided such that the appropriate magnetic field is energized . For 
for every welding current pulse . However , in other embodi example , the switching circuit 301 can be controlled such 
ments this cleaning pulse can be energized every N arc that the steering current is alternated between each device 

10 105 / 305 for every welding current pulse . Of course , in other welding pulses , or after a given duration of time . embodiments the switching circuit 301 can be controlled In further exemplary embodiments of the present inven such that the steering current is directed to one device 105 tion , the steering current either begins or reaches its peak for a set duration of time , or for a number N of welding after the droplet 117 has contacted the weld puddle and current pulses . For example , the switch 301 can direct the before the following droplet 117 has been released . In 15 steering current to the device 105 for 10 welding current additional exemplary embodiments the steering current pulses , and then to the device 305 for the following 10 
pulse is started at the same time or after , the welding current pulses , etc . The switching circuit 301 can be controlled via 
reaches a background level . Further , the steering current various means . For example , the magnetic steering power 
pulse can be turned off or reach a background level prior to supply 103 can be coupled to the welding power supply 101 
the next welding current pulse beginning . 20 such that the timing or control signals used to control the 

FIG . 2B depicts a similar welding waveform as that welding arc waveform can be used to also control the 
shown in FIG . 2A , except in this embodiment the magnetic magnetic field power supply 301 . In some embodiments the 
steering current is an alternating current . In embodiments welding waveform timing circuits can be used to control the 
such as this the power supply 103 is an AC power supply and switch 301 . 
the change in polarity of the current changes the direction of 25 FIG . 4 shows exemplary waveforms for both the welding 
the magnetic field , which in turn changes the direction of current and magnetic steering current which can be used 
movement of the arc . Thus , the field 109 can be alternating with a system as shown in FIG . 3 . As shown , the welding 
such that a single probe 107 can cause the arc 115 to sweep current has a series of pulses 1 , 2 , 3 . . . , as does the magnetic 
across a weld joint during welding . For example , in an steering arc . However , some of the magnetic steering pulses 
exemplary embodiment the wire 113 is positioned over the 30 can be directed to one of the devices 305 / 105 ( positioned left 
center of the weld joint and the magnetic field 109 can be or front ) and then other of magnetic steering pulses are 
changed by using an alternating current to move the arc from directed to the other of the devices 305 / 105 ( positioned right 
one side of the joint to the other as needed . The control and or back ) . In FIG . 4 , a magnetic steering pulse is provided for 
operation of embodiments of the present invention using an each welding arc pulse , however other embodiments can 
AC signal for the magnetic steering current is similar to that 35 employ a control where some arc welding pulses are 
described herein as to the other discussed embodiments . Of skipped , similar to that shown in FIG . 2A . Also , the embodi 
course , the frequency , peak amplitudes and shape of the AC ment shown in FIG . 4 shows that the steering current is in 
magnetic steering waveform can be altered as needed to phase with the arc welding current . Of course , in other 
performed the desired welding operation , as described embodiments the steering current can be out - of - phase as 
herein . Such an embodiment can cause a zig - zag or serpen - 40 described with respect to FIG . 2A , and / or can be an AC 
tine pattern to be followed by the welding arc along the waveform . 
length of the weld bead as the operation travels along the FIG . 5 depicts another exemplary embodiment of current 
weld joint . waveforms that can be used with the system 300 shown in 

FIG . 3 depicts another exemplary embodiment of a weld - FIG . 3 , where the different devices 105 / 305 can be activated 
ing system 300 of the present invention . In this embodiment 45 at different times during a welding current pulse . As shown , 
there are at least two magnetic devices 305 and 105 . The the left or front magnetic device 105 / 305 can be activated at 
magnetic device 305 also has its own probe 307 . Each of the the beginning of the arc welding pulse , while the right / back 
devices 105 / 305 is positioned near the contact tip 111 such magnetic device 105 / 305 is activated at the end of the pulse 
that their respective magnetic fields can affect the welding to direct the droplet 117 to the desired location . Further , as 
arc 115 . The devices 105 / 305 can be positioned as desired 50 with FIG . 2B , either one , or both , of the magnetic steering 
around the contact tip 111 . In exemplary embodiments , the currents can be AC . 
devices 105 / 305 are co - linear and can be either positioned in FIG . 7 depicts another welding system 700 in accordance 
line in the travel direction ) with the welding operation with an exemplary embodiment of the present invention . In 
( front - to - back orientation ) , or normal to the travel direction this exemplary embodiment a magnetic steering device 708 
( side - by - side orientation as shown in FIG . 3 ) . In the 55 with a magnetic probe is positioned adjacent to ( and in the 
embodiment shown in FIG . 3 , the devices are in a side - by - embodiment shown — between ) two welding torches 702 / 
side configuration such that their respective magnetic fields 704 which are welding with a GMAW welding process . The 
can move the arc 115 across a weld joint . As described lead torch 702 is powered by a lead power supply 701 and 
above , the magnetic fields from the respective devices the trailing torch 704 is powered by a trailing power supply 
105 / 305 can be used to control the location of the arc 115 60 703 . In the embodiment shown both power supplies are 
and / or the flight of the droplet 117 during the welding GMAW type power supplies . However , other exemplary 
operation . Thus , in such an embodiment the arc 115 can be embodiments can use different types of pulse welding power 
moved to at least three different locations so as to direct the supplies , such as GTAW type power supplies . The magnetic 
droplet 117 to those locations . For example , during some device 708 is powered by a magnetic field power supply 707 
portion of the welding the droplet 117 can be directed to a 65 which provides a magnetic steering current to the device 708 
left side of the weld joint , then for another portion of to create a magnetic field 711 from the probe 709 . Each of 
welding the droplet can be directed to the center of the joint the welding power supplies 701 , 703 and the magnetic field 
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power supply 707 are coupled to a system controller 705 which controls the movement during welding . In this 
which controls an operation of each of the power supplies . embodiment there are two magnetic devices 907 and 909 on 

In such a tandem arc welding configuration , it is known either side of the torch 111 . ( The devices 907 / 909 can also 
that the welding arc current pulses of the leading and trailing be positioned front - to - back , or as needed ) . Each of the 
waveforms are alternated so that the arcs and droplet transfer 5 magnetic devices 907 / 909 are coupled to a magnetic field 
from the respective torches 702 / 704 do not interfere with power supply 103 as described above , similar to that dis 
each other . However , it is also known that in such welding cussed with respect to FIG . 3 , so that a magnetic field 908 
configurations arc interference can often occur between the can be generated by either magnetic device . Further , the 
leading and trailing arcs such that arc blow , and similar devices 907 / 909 can be secured to the torch such that their 
problems , can occur . To mitigate this , embodiments of the 10 respective probes remain equidistant to the filler wire 113 
present invention employ the magnetic device 708 to gen - during welding , or the devices 907 / 909 can be secured such 
erate a magnetic field 711 between the respective welding that the torch 111 translates between the devices 907 / 909 so 
pulses of the leading and trailing welding operations . that the distance between the filler wire and the devices 

This is depicted in FIG . 8 , where the magnetic steering 907 / 909 changes during welding . 
current is pulsed in between the lead and trailing welding 15 During welding the torch 111 is translated with respect to 
pulses . In this embodiment the magnetic field 711 is gener - the weld joint so that the filler wire 113 is moved across the 
ated between each of the lead and trailing welding pulses 1 , weld joint . The system controller 901 uses the positional 
2 , 3 , 4 , 5 , 6 , . . . . The presence of the magnetic field 711 information of the torch 111 with respect to the weld joint to 
between the welding pulses aids in stabilizing the arc plasma control the output of the magnetic field power supply 103 
between welding pulses . In the embodiment shown , each of 20 and / or the welding power supply 101 . That is , the output of 
the magnetic field pulses occur during the background the power supplies 101 / 103 can vary based on the position 
current between the arc welding pulses . However , in other of the torch with respect to the weld joint . Specifically , based 
exemplary embodiments the magnetic field pulse can over on the lateral position of the torch 111 with respect to the 
lap portions of the arc welding pulses as needed to stabilize joint the output current of the magnetic field power supply 
the welding operation and mitigate arc blow . 25 103 can vary to create a magnetic field with a variable 

In other exemplary embodiments of the system 700 , the strength based on welding position . 
system controller 705 can use feedback from the welding An example of such an output is shown in FIG . 10 , where 
operation , which may include feedback from the welding a series of five welding pulses are shown . For purposes of 
power supplies 701 / 703 , to turn on and / or off the device 708 . simplicity it is presumed that each of the welding current 
For example , in some welding operations it may not be 30 pulses shown in FIG . 10 is at a different lateral position in 
necessary to have a magnetic field generated between each the welding process . Of course , it is recognized that in 
alternating weld pulse . However , the controller 705 deter - application this may not be the case as multiple welding 
mines when an arc blow condition , or arc stability condition , current pulses can , and often will , occur at the same lateral 
is present during welding and using this feedback activates position . For example , there can be any number N of pulses 
the magnetic field power supply 707 to utilize the magnetic 35 at each lateral welding position and embodiments of the 
field 711 to regain stability of the welding operation . For present invention are not limited in this way . Turning back 
example , the system controller can use current feedback to FIG . 10 , it is seen that at the first welding pulse 1 the torch 
information from either one , or both , of the lead and trailing 111 is at a first welding position and the magnetic steering 
welding power supplies to determine the need for the current from the power source 103 is directed to the left 
magnetic field 711 for stabilization . Further , the welding 40 magnetic device 909 at a first magnitude A to create a 
state logic in either one , or both , of the power supplies can magnetic field having a first strength . It is noted that FIG . 10 
react to arc instability and can cause the magnetic field to be depicts a waveform relationship where the magnetic steering 
enabled and / or changed based on the detected instabilities . pulse begins at a time period T after the welding current 

FIG . 9 depicts another exemplary embodiment of a weld reaches its peak . As explained previously , in some embodi 
ing system 900 in accordance with an embodiment of the 45 ments it may be beneficial to have the magnetic field reach 
present invention . The system 900 shows an exemplary its maximum strength near the end of the peak welding 
embodiment where the torch 111 can be translated , with current pulse so as to focus its effect on the flight of a 
respect to the weld bead , during welding . Of course , in droplet . Of course , other embodiments can use different 
embodiments of the present invention either the torch 111 or timing for the peak magnetic field without departing from 
the work piece W is moved to create the weld bead . Such 50 the spirit and scope of the present invention , as described 
movement is co - linear with the weld joint . However , in the previously . 
system 900 the torch 111 is also translated across the weld Following the first pulse 1 , at a second lateral position a 
joint during the welding operation . That is , the torch 111 is second welding pulse 2 is provided . At this position the same 
moved perpendicular or diagonally to the centerline of the left magnetic device 909 is used but creates a magnetic field 
weld joint . Such an embodiment can allow for specialized 55 with a different magnitude because the steering current is at 
weld joints to be created or to weld wider joints . FIG . 9 a different level B . In the embodiment shown , this can be a 
shows an embodiment where the torch 111 is moved with situation where the second pulse 2 takes place at a lateral 
respect to the work piece W during welding , however , in position closer to the center of the weld joint than the first 
other exemplary embodiments the work piece can be moved pulse 1 . Thus , as the torch moves closer to the center of the 
during welding . 60 joint , the magnetic field strength decreases to place the 
As shown in FIG . 9 , the embodiment uses a motor droplet at the desired position . Of course , in other embodi 

carriage device 905 to provide the movement of the torch ments the magnetic field can be stronger as the torch moves 
111 during welding . The movement can be longitudinal with closer to the center of the joint . At the third welding pulse 
the weld joint or transverse to the weld joint . Of course , the 3 the torch 111 is positioned at the center of the joint and at 
motor / carriage device 905 can also be coupled to the work 65 this position there is no magnetic field generated by either of 
piece to move the work piece during welding . The motor the devices 907 / 909 thus allowing the droplet to be placed 
carriage device 905 is coupled to a system controller 901 at the center of the joint . Then as the torch 111 moves to the 
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right of the joint the right - hand device 907 will generate a 9 , the positional information regarding the torch 111 can be 
magnetic field at pulses 4 and 5 ( two different positions ) and used to determine which magnetic field generation device 
as discussed above the magnetic field strength will vary 907 / 909 will be used to clear the short . For example , if the 
based on the position . Thus , embodiments of the present torch 111 is positioned on the left side of the weld joint the 
invention can control the strength and orientation of the 5 left device 909 can be used to clear the short as it will tend 
magnetic fields used to steer the welding are based on the to drive the arc to the center or the work piece and away relative position of the welding torch 111 with respect to the from a sidewall of the work piece W which may have caused weld joint . Further , as described above , the steering wave the short . Similarly , if the torch 111 is positioned to the right form can be AC or can have opposite polarity portions which of the center of the weld joint the right device 907 can be are used to control the droplet flight during welding . For 10 used to generate a short clearing magnetic field to move the example , in some exemplary embodiments the steering arc away from the right side of the weld joint . Of course , waveform may not be a constant AC waveform , but can use other embodiments can be envisioned and controlled as opposite polarity current portions to control the flight of the 
droplet or the arc when certain events , such as a short circuit , needed . 
are detected . Thus , in some embodiments the magnetic field 15 As shown in FIG . 12 , it is also contemplated that the 
current can have an opposite polarity for each following magnetic short clearing pulse S can have a magnetic peak 
pulse , or a series of pulses can be provided at a first polarity magnitude and / or duration which are different than the 
( direction ) followed by a series of pulses having an opposite magnetic pulse 1 , 2 used to direct the travel of the droplet 
polarity ( direction ) . Exemplary embodiments of this control during welding . In FIG . 12 the short peak S is higher and 
methodology will be discussed in more detail below . 20 longer than the steering peaks 1 , 2 . In other embodiments , 

Turning now to FIGS . 11 and 12 , not only can embodi - different relationships can be used . Of course , it should be 
ments of the present invention be used to control the flight noted that the higher the peak magnetic current the stronger 
of the droplet and / or the arc positioning during welding , but the resultant magnetic field , such that the magnetic fields of 
embodiments can also be used to aid in the clearing of a the short clearing pulse S can be higher and longer than that 
short circuit during welding . FIGS . 11 and 12 depict wave - 25 of the steering magnetic pulses . 
forms to be used in a short circuit clearing operation and Various methods of control will now be discussed . The 
each will be discussed in turn . It is noted that although these following discussion of exemplary embodiments is intended 
embodiments are shown using a single polarity magnetic to be representative as other methods of control can also be 
steering current , an AC or changing polarity current can also employed without departing from the spirit and scope of the 
be used in exemplary embodiments of the invention . As 30 present invention . Exemplary embodiments of the present 
described herein , the direction of current will affect the invention can use various methods of controlling and / or 
movement of the arc and as such the polarity and magnitude synchronizing the generation of the magnetic field to steer 
of the current can be used to control the arc / droplet flight as the arc and / or control the flight of a molten droplet passing 
described herein . Embodiments of the present invention are through the arc . Some exemplary methods can use synchro 
not limited using single polarity magnetic steering currents . 35 nization between the welding waveform and the magnetic 

FIG . 11 depicts an embodiment where a magnetic steering field current , while others can use the real time detection of 
current is being used from a left side of the welding arc to events occurring during the welding operation , each of 
control the flight of the droplet . Again , as shown the mag which will be discussed below . It is noted that because the 
netic steering current reaches its peak at a time T after the construction and operation of control signal circuitry , timing 
welding current pulse reaches its peak . During welding a 40 circuitry , short circuit detection circuitry , welding feedback 
welding current peak A is reached and then the magnetic circuitry and control are generally known , for the control of 
steering current is activated to steer the droplet as desired current signals in welding power supplies , a detailed dis 
However , in this embodiment during welding a short circuit cussion of these circuits will not be provided herein . How 
occurs causing the filler wire 113 to make contact with the ever , these similar circuits and control methodologies can be 
work piece W , this is generally shown at point B where the 45 implemented in the system controllers and / or magnetic field 
current drops below the background level . Once the short power supplies discussed herein to control the generation of 
circuit is detected the system controller ( for example 901 ) magnetic steering current , as described below . 
directs a magnetic field to be created by the right hand in a first exemplary embodiment , the magnetic field 
magnetic field device ( for example 907 ) . The force from this power supply ( e . g . , 103 ) can be energized at the same time 
magnetic field will aid in " pushing ” the welding arc and 50 as the welding power supply ( e . g . , 101 ) using the same or 
molten droplet or filler 113 away from contacting the work similar control signals used by the welding power supply . 
piece W to aid in quickly clearing the short circuit . During For example , when a signal is generated by the welding 
the short circuit the magnetic field generated by the pulse S power supply 101 to generate a welding pulse , that signal is 
is maintained until when the short is cleared ( at point C ) or shared with the magnetic field power supply which simul 
sometime after the short has cleared ( at point D ) . Then the 55 taneously causes a magnetic field current to be supplied to 
welding current can return to its background level E and start the magnetic device 105 . In such an embodiment an on / off 
the next welding pulse A . Of course , other embodiments of signal can be generated to control the magnetic steering 
the present invention can use different durations and mag - current . Thus , the generation of the magnetic field will be in 
nitude of the short clearing magnetic pulse S and still remain phase with the welding pulses . In other embodiments ( as 
within the scope of the present invention . In the embodiment 60 discussed above ) it may be desirable to have the magnetic 
shown in FIG . 11 the first magnetic field generation device field generation out - of - phase with the welding pulses . In 
is generating the magnetic field pulses 1 and 2 for directing such embodiments the magnetic field power supply 103 
the droplet while the opposing magnetic field generation and / or the welding power supply 101 can have a timing 
device ( right ) is used to aid in clearing the short . FIG . 12 circuit which delays the creation of magnetic steering cur 
depicts a similar use of a magnetic field to clear a short but 65 rent ( and thus magnetic field ) by a time T after a welding 
rather the same magnetic field generation device is used to pulse is generated . For example , in some exemplary embodi 
clear the short . In some embodiments like that shown in FIG . ments the magnetic steering current can be delayed by 5 to 
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20 ms after the beginning of the welding pulse . Of course , for the magnetic field power supply 103 receives feedback 
other embodiments may use different timing delays . on the detection of a short circuit from the welding power 

In other exemplary embodiments , as explained above , the supply 101 ( or similar parallel feedback circuitry ) and 
control circuitry in the welding power supplies generates a determines the intensity , duration and timing of a magnetic 
magnetic field current prior to the generation of a welding 5 field based on that detected short . That magnetic field 
pulse by a time T . Again , timing circuitry can be employed current is then provided to the appropriate magnetic steering in any of the welding power supply , magnetic field power device to aid in clearing the short . If there are multiple supply and system controller to ensure the proper timing of magnetic field generation devices , the state table can also the magnetic field relative to the welding pulse . determine which device should be energized . Furthermore , In another exemplary embodiment of the present inven - 10 the state table can also take into account the positioning of tion , a shared state table based waveform control system can the welding torch 111 at the time of the short circuit to be used . The use of state table controls for welding wave determine the appropriate magnetic field parameters . forms are generally known , for example the Power Wave® The exemplary embodiments of the welding system , as welding power supply , manufactured by The Lincoln Elec 
tric Company of Cleveland , Ohio . uses such a control 15 shown in the Figures , depicts the welding power supply , 
methodology . In an exemplary embodiment , the control and magnetic field power supply and system controller as sepa 
synchronization of the magnetic field current signal is inte - rate components . However , this need not be the case as these 
grated into the welding waveform state table such that the components can be integrated into a single unit . Further 
state table controls the operation of both the welding power more , the control hardware and software ( for example a 
supply and the magnetic field power supply . For example , 20 control state table ) for the magnetic field can be found in any 
when real time welding feedback is received by the welding one of a welding power supply , system controller and / or a 
power supply , including for example , arc voltage , arc cur magnetic field power supply . Embodiments of the present 
rent , arc power , output voltage , output current , wire feed invention are not limited in this regard , and can have a 
speed , etc . , the common state table provides operating modular construction as well , where the components of the 
instructions to both the welding power supply and the 25 system are provided in separate but combinable modules . 
magnetic field power supply based on the real time feed - While the invention has been particularly shown and 
back . described with reference to exemplary embodiments thereof , 

In a further exemplary embodiment , a parallel state table the invention is not limited to these embodiments . It will be 
is created for the operation of the magnetic field power understood by those of ordinary skill in the art that various 
supply 103 such that a welding state table controls the 30 changes in form and details may be made therein without 
operation of the welding power supply 101 while a parallel departing from the spirit and scope of the invention as 
magnetic field state table controls the operation of the defined by the following claims . 
magnetic field power supply 103 . As described above , in 
such an embodiment , the magnetic field power supply 103 What is claimed is : 
can share the welding feedback and control signals from the 35 1 . A welding system , comprising : 
welding operation , such as arc current , arc voltage , arc a welding power supply which outputs a welding current 
power , output voltage , output current , wire feed speed , signal to an electrode so that a welding arc is generated 
output power , etc . Based on this real time feedback infor between said electrode and a workpiece , said welding 
mation the parallel state table for the magnetic field power current signal comprising a plurality of welding current 
supply 103 determines an appropriate magnetic field inten - 40 pulses ; 
sity , phase , frequency , timing , peak duration , etc . of the a magnetic steering device positioned adjacent to said 
magnetic field current signal and the magnetic field power welding arc ; and 
supply 103 generates the appropriate magnetic field current . a magnetic field power supply which outputs a magnetic 

In further exemplary embodiments , the parallel state table field current signal to said magnetic steering device , 
can take into account the lateral positioning of the welding 45 said magnetic field current signal comprising a plurality 
torch 111 during the welding operation in determining the of magnetic current pulses ; 
appropriate parameters for the magnetic field current signal wherein said magnetic steering device uses said magnetic 
or magnetic field . As stated above , embodiments of the field current signal to generate a magnetic field to move 
present invention can vary the magnetic field based on the said welding arc during welding ; and 
movement of the torch with respect to the weld joint . Thus 50 wherein said plurality of said magnetic current pulses are 
the control state table of the magnetic field power supply 103 synchronized with respect to at least some of said 
can also take into account the positioning of the welding plurality of welding current pulses of said welding 
torch 111 during welding . That is , the control state table of signal , 
the magnetic field power supply can take into account the x , wherein said electrode is a consumable , and 
y and z coordinates of the welding torch , with respect to the 55 wherein each of said at least some of said plurality of 
work piece , to determine the desired magnetic field intensity , welding current pulses causes a molten droplet to 
duration , frequency and phase . separate from said consumable and wherein said plu 

In a further exemplary embodiment , the control state table rality of magnetic current pulses are synchronized with 
for the magnetic field power supply contains control param said at least some of said plurality of welding current 
eters which are triggered when a short circuit is detected . In 60 pulses of said welding signal so that said magnetic 
such embodiments , when a short circuit is detected by the current pulses are at a peak level at least immediately 
welding power supply 101 this feedback is also provided to prior to each of said molten droplets separating from 
magnetic field power supply 103 . Based on the detected said consumable . 
short the magnetic field power supply 103 provides a 2 . The system of claim 1 , wherein said welding power 
magnetic field current to a magnetic field device ( e . g . , 105 ) 65 supply synchronizes said plurality of magnetic current 
to aid in clearing the short . For example , in exemplary pulses with said at least some of said plurality of welding 
embodiments of the present invention , a control state table current pulses . 
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3 . The system of claim 1 , wherein at least some of said wherein each of said at least some of said plurality of 

plurality of magnetic current pulses have a peak level welding current pulses causes a molten droplet to 
different from others of said plurality of magnetic current separate from a consumable and wherein said plurality 
pulses . of magnetic current pulses are synchronized with said 

4 . The system of claim 1 , wherein at least some of said 5 at least some of said plurality of welding current pulses 
plurality of magnetic current pulses have a different polarity of said welding signal so that said magnetic current 
from others of said plurality of magnetic current pulses . pulses are at a peak level at least immediately after each 5 . The system of claim 1 , wherein at least some of said of said molten droplets separate from said consumable , plurality of magnetic current pulses are out - of - phase with and said at least some of said welding current pulses by 45 to 10 
1350 wherein said consumable is said electrode . 

6 . The system of claim 1 , wherein said welding current 10 . The system of claim 9 , wherein said welding power 
signal provides at least one additional current pulse between supply synchronizes said plurality of magnetic current 
said at least some of said plurality of welding current pulses . pulses with said at least some of said plurality of welding 

7 . The system of claim 1 , further comprising a second 15 current pulses . 
magnetic field power supply which outputs a second mag 11 . The system of claim 9 , wherein at least some of said netic field current signal to a second magnetic steering plurality of magnetic current pulses have a peak level device , said second magnetic field current signal comprising different from others of said plurality of magnetic current a second plurality of magnetic current pulses ; 

wherein said second magnetic steering device is posi - 20 P pulses . 
tioned adjacent to said welding arc and said second 12 . The system of claim 9 , wherein at least some of said 
magnetic steering device uses said second magnetic plurality of magnetic current pulses have a different polarity 
field current signal to generate an additional magnetic from others of said plurality of magnetic current pulses . 
field to move said welding arc during welding ; and 13 . The system of claim 9 , wherein at least some of said 

wherein said second plurality of said magnetic current 25 plurality of magnetic current pulses are out - of - phase with 
pulses are synchronized with respect to at least some said at least some of said welding current pulses by 180º . 
other of said plurality of welding current pulses of said 14 . The system of claim 9 , wherein said welding current welding signal . signal provides at least one additional welding current pulse 8 . The system of claim 1 , wherein said magnetic field between said at least some of said plurality of current pulses . power supply provides an additional magnetic current pulse 30 

which is different from said plurality of magnetic current 15 . The system of claim 9 , further comprising a second 
pulses when a short circuit between said electrode and said magnetic field power supply which outputs a second mag 
workpiece is detected by said welding power supply . netic field current signal to a second magnetic steering 

9 . A welding system , comprising : device , said second magnetic field current signal comprising 
a welding power supply which outputs a welding current 35 a second plurality of magnetic current pulses ; 

signal to an electrode so that a welding arc is generated wherein said second magnetic steering device is posi 
between said electrode and a workpiece , said welding tioned adjacent to said welding arc and said second 
current signal comprising a plurality of current pulses ; magnetic steering device uses said second magnetic 

a magnetic steering device is positioned adjacent to said field current signal to generate an additional magnetic 
welding arc ; and 40 field to move said welding arc during welding ; and 

a magnetic field power supply which outputs a magnetic wherein said second plurality of said magnetic current field current signal to said magnetic steering device , pulses are synchronized with respect to at least some 
said magnetic field current signal comprising a plurality other of said plurality of welding current pulses of said of magnetic current pulses ; welding signal 

wherein said magnetic steering device uses said magnetic 45 
field current signal to generate a magnetic field to move 16 . The system of claim 9 , wherein said magnetic field 
said welding arc during welding , power supply provides an additional magnetic current pulse 

wherein said plurality of said magnetic current pulses are which is different from said plurality of magnetic current 
synchronized with respect to at least some of said pulses when a short circuit between said electrode and said 
plurality of welding current pulses of said welding 50 W so workpiece is detected by said welding power supply . 
signal , * * * * * 


